Introduction {#sec0001}
============

Soft tissue calcification associated with autoimmune disease has often been described with entities such as systemic sclerosis, dermatomyositis, and mixed connective tissue disorders [@bib0001].

The moniker calcinosis cutis has been used to describe various insoluble calcific salt deposits of soft tissue that were originally described by Virchow in 1855 [@bib0002], [@bib26]. The calcifications have been categorized into 5 types---metastatic, iatrogenic, idiopathic, dystrophic, and calciphylaxis [@bib0003].

The etiology of the calcium deposition varies depending on the specific subtype, for example, metastatic calcinosis cutis is characterized by abnormal calcium and phosphate levels in the serum. Iatrogenic calcinosis cutis is associated with a therapeutic or diagnostic procedure such as subcutaneous injection of calcium-containing heparins, extravasation of calcium gluconate, and use of calcium-containing electrode compounds for electromyographic or electroencephalographic examination [@bib0002]. Idiopathic occurs without any underlying tissue damage or metabolic disorder [@bib0003]. Dystrophic calcinosis cutis is the most common type and occurs as the result of local tissue damage with normal calcium and phosphate levels in serum. Calciphylaxis, also called calcific uremic arteriolopathy, is a net-like or mesh-like network of small vessel calcification affecting the dermis or subcutaneous fat [@bib0004].

The term "tumoral calcinosis" describes another type of calcification that is typically periarticular and has primary and secondary etiologies [@bib0005],[@bib0006]. This term has generated consternation in the literature as has been "liberally and imprecisely used to describe any massive collection of periarticular calcification, although this term actually refers to a hereditary condition associated with massive periarticular calcification. The inconsistent use of this term has created confusion throughout the literature [@bib0007]." Tumoral calcinosis can usually be distinguished from calcinosis cutis as the former is periarticular, often with a "sediment sign," secondary to fluid--calcium levels. Calcinosis cutis, as its name implies, primarily affects the subcutaneous fat and dermis.

Calcinosis cutis of connective tissue disease is categorized as the dystrophic type [@bib0006]. Dystrophic calcification of connective tissue disease is distinguished from ossification due to the lack of zonal ossification unlike processes such as myositis ossificans [@bib0008]. While the exact mechanism of this pathology is unknown, the soft tissues of connective tissue disease are predisposed to calcification in the setting of a normal serum calcium and phosphorous [@bib0003]. It has been postulated that the pathophysiology of dystrophic calcinosis may be the result of structural defects, hypoxemia, or chronic tissue inflammation [@bib0003]. The denatured proteins of necrotic cells may bind to calcium and phosphorous, acting as a substrate for dystrophic calcinosis in tissues affected by trauma or chronic inflammation [@bib0009].

Case presentation {#sec0002}
=================

Our case is of a 47-year-old woman with a history of polyarticular joint pain and swelling who presented with symptoms of dry mouth and eyes. In addition, she described an indurated and erythematous mass of her left posterior forearm that had increased in size over the past year and caused her increasing discomfort ([Fig. 1](#fig0001){ref-type="fig"}). Her social and travel history were noncontributory with the exception of being a current smoker with 20 pack per year smoking history. The patient\'s laboratory values were as follows rheumatoid factor negative, anti-nuclear antibody (ANA) positive titer of 1:160 with a homogenous cytoplasmic pattern, and a positive Sjogren Anti-SS-A of \>8.0. The Sjogren Anti-SS-B was normal at \<0.2. C-reactive protein was elevated to 13.2. Serum calcium and phosphorus were normal. All other laboratory values were normal, including her renal function. Physical exam revealed mild swelling of the joints of the hands. No rashes were evident, specifically her facial complexion was normal. A magnetic resonance (MR) of the left forearm was obtained to evaluate an enlarging mass and to rule out sarcoma. The MR revealed a mass within the extensor surface of the forearm, contained within the subcutaneous fat. The mass exhibited numerous rounded foci, the largest measuring 0.4 cm, that were low signal on all sequences. On T2-weighted fat-saturated images, there was high T2 fluid-like signal that infiltrated the subcutaneous fat surrounding the small round low-signal foci ([Fig. 2](#fig0002){ref-type="fig"}, [Fig. 3](#fig0003){ref-type="fig"}, [Fig. 4](#fig0004){ref-type="fig"}). There was subtle thickening of the skin overlying the mass but there was no penetration of the underlying deep fascia by the mass. On T1 sequences, the small, rounded low signal foci within the subcutaneous fat were surrounded by intermediate signal ([Fig. 5](#fig0005){ref-type="fig"}, [Fig. 6](#fig0006){ref-type="fig"}). After the administration of IV gadolinium contrast, there was significant enhancement evident around the periphery of the mass, with additional enhancement around the small, rounded, low-signal foci ([Fig. 7](#fig0007){ref-type="fig"}, [Fig. 8](#fig0008){ref-type="fig"}). The low-signal structures were suspicious for calcification; however, given the degree of enhancement, phleboliths of a vascular malformation were not excluded and conventional radiographs were subsequently recommended.Fig. 1Indurated erythematous mass of left forearm (elbow adjacent to lower border of photograph for positional reference).Fig. 1Fig. 2Axial proton density (PD) fat saturation image reveals low signal intensity foci (blue arrows) surrounded by high signal intensity fluid infiltrating the subcutaneous fat (blue arrowhead). Color version available onlineFig. 2Fig. 3Sag short-TI inversion recovery (STIR) sequence reveals multiple low signal intensity foci surrounded by high signal intensity infiltration of the subcutaneous fat (white oval). The area of designated palpable concern is bracketed with cutaneous skin markers. Elbow at top of image for positional referenceFig. 3 --Fig. 4Coronal PD fat saturation image reveals multiple low signal intensity foci in the area of designated concern, bracketed by skin markers. The surrounding subcutaneous fat is infiltrated by high signal. Elbow at top of image for referenceFig. 4 --Fig. 5Axial T1 image reveals low signal intensity foci surrounded by intermediate signal infiltration of the subcutaneous fat (blue arrowhead). Color version available onlineFig. 5 --Fig. 6Sagittal T1 image reveals multiple hypointense foci within the subcutaneous fat of the extensor surface of the forearm (white oval). Note skin thickening and low signal intensity infiltration of the subcutaneous fat in the affected area. The area of designated palpable concern is bracketed with cutaneous skin markers. Elbow at top of image for positional referenceFig. 6 --Fig. 7Axial T1 fat saturation image with IV contrast reveals intense enhancement in the subcutaneous fat (arrowheads) surrounding the low signal intensity foci in the affected area (arrows). Note the skin thickening overlying the affected area. IV, intravenousFig. 7Fig. 8Sag T1 fat saturation image with IV contrast reveals enhancement of subcutaneous fat surrounding the low signal intensity foci (white oval). Elbow at bottom of image for orientation. IV, intravenousFig. 8 --

Radiographs of the left forearm revealed a plaque-like sheet of calcification along the extensor surface that abutted the skin surface and followed the contours of the underlying deep fascia ([Fig. 9](#fig0009){ref-type="fig"}, [Fig. 10](#fig0010){ref-type="fig"}, [Fig. 11](#fig0011){ref-type="fig"}). The dystrophic, nonossified appearance of the mass ruled out the possibility of phleboliths and thus a vascular mass such as a soft tissue hemangioma was excluded. A diagnosis of calcinosis cutis was posited, and additional rheumatologic tests were ordered, including a biopsy of the lower lip and additional conventional radiographs of the hands and feet. The lip biopsy results revealed multifocal plasmacytic and lymphocytic sialadenitis consistent with Sjogren syndrome. Radiographs of the hands revealed periarticular dystrophic calcifications without erosions, most consistent with digital calcinosis circumscripta ([Fig. 12](#fig0012){ref-type="fig"}, [Fig. 13](#fig0013){ref-type="fig"}, [Fig. 14](#fig0014){ref-type="fig"}) [@bib0010]. Given the constellation of findings, the patient was diagnosed with primary Sjogren syndrome.Fig. 9Oblique radiograph of the left forearm revealing plaque-like calcifications within the subcutaneous fat, depicted as low signal intensity foci on the aforementioned MR scan. MR, magnetic resonanceFig. 9 --Fig. 10AP radiograph of the left forearm revealing plaque-like calcifications within the subcutaneous fat, depicted as low signal intensity foci on the aforementioned MR scan. MR, magnetic resonanceFig. 10 --Fig. 11Lateral radiograph of the left forearm revealing plaque-like calcifications within the subcutaneous fat, depicted as low signal intensity foci on the aforementioned MR scan. MR, magnetic resonanceFig. 11 --Fig. 12AP radiograph of the right hand reveals multiple periarticular calcifications most conspicuously at the proximal interphalangeal (PIP) joints and adjacent to the distal ulna consistent with calcinosis circumscripta. Scattered calcifications are also noted adjacent to the distal interphalangeal (DIP) joints. DIP, distal interphalangealFig. 12 --Fig. 13Oblique radiograph of the right hand reveals multiple periarticular calcifications most conspicuously at the PIP joints and adjacent to the distal ulna consistent with calcinosis circumscripta. PIP, proximal interphalangealFig. 13 --Fig. 14Lateral radiograph of the right hand reveals periarticular calcifications dorsal to the wrist and periarticular to the PIP joints consistent with calcinosis circumscripta. PIP, proximal interphalangealFig. 14 --

Given the symptomatic mass and above findings a wide local excision of the mass was performed; the specimen measured 15 × 8 × 2 cm ([Fig. 15](#fig0015){ref-type="fig"}). Except for a small area in the center, the wound was approximated primarily. Three months after the excision, using wet-to-dry dressing changes twice per day, the wound was completely healed. Gross pathology examination of the resected specimen revealed calcific granular deposits within the subcutaneous fat ([Figs. 16](#fig0016){ref-type="fig"} A and B). Hematoxylin and Eosin staining revealed dark blue calcium deposits with perigranular basophilic inflammatory infiltrate and fibrosis ([Figs. 17](#fig0017){ref-type="fig"} A-C).Fig. 15Photograph of the forearm status post wide local excision of subcutaneous mass. A small length of the incision could not be closed primarily due to tissue tension and reveals exposed fascia (white tissue). The incision was completely healed after 3 months, with wet-to-dry dressing exchanges twice daily. Elbow at top of image for referenceFig. 15 --Fig. 16(A) Mass-like firm tissue excised from forearm. Fresh sections have chalky white fluid inside the soft tissue. The calcific areas have a firm consistency. (B) Serially sectioned skin with subcutis showing dense calcification after formalin fixationFig. 16 --Fig. 17(A-C) Hematoxylin & Eosin staining at standard nonmagnified (A), 25× (B), and 200× (C), revealed dark blue calcium deposits with perigranular basophilic inflammatory infiltrate and fibrosis. Color version available onlineFig. 17 --

Discussion {#sec0003}
==========

"Sicca syndrome" is a term coined by Henrik Sjogren, to describe a series of 19 patients that he treated for dry eyes and mouth during his training as an ophthalmologist in Sweden in 1933. While "sicca syndrome" (ie, xerostomia and xerophthalmia) and "Sjogren syndrome" has become nearly synonymous, it is known that most sicca syndrome patients do not have Sjogren syndrome. Specifically, to be designated as Sjogren syndrome, the etiology of the dry eyes and mouth must be due to autoimmune-induced inflammation of the lacrimal and salivary glands that causes measurable impairment of tear and saliva production [@bib0011], [@bib27]. This is in contradistinction to nonautoimmune sicca in which therapies directed to the immune system may be ineffective or even deleterious.

"Sjogren\'s syndrome is an autoimmune disease characterized by a lymphoplasmacytic infiltration of the exocrine glands, which ultimately leads to their atrophy and destruction [@bib0006]." This pathology manifests with a daily unremitting sensation of dry eyes and dry mouth that interferes with activities of daily living. A minority of patients, 20%, experience extraglandular manifestations of the disease that can lead to end-organ damage. Renal impairment secondary to interstitial nephritis, glomerulonephritis, and renal tubular acidosis is known to be associated with Sjogren syndrome. Graves' disease and Hashimoto\'s thyroiditis have also been reported more frequently in patients with Sjogren\'s syndrome. Similarly, autoimmune hepatitis and primary biliary cirrhosis affect Sjogren syndrome patients more frequently than control populations. A low-grade, usually indolent, lymphoma is also a known but rare complication [@bib0012]. The development of peripheral neuropathy is also of concern with patients affected with Sjogren\'s syndrome [@bib0013].

The discovery of subcutaneous dystrophic calcifications often elicits a differential diagnosis of connective tissue disease such as progressive systemic sclerosis, mixed connective tissue disease, dermatomyositis, polymyositis, and systemic lupus erythematosus [@bib0007]. Dystrophic calcifications associated with Sjogren syndrome are reported far less frequently. Tsuchida reported massive calcinosis cutis associated with primary Sjogren\'s syndrome [@bib0014]. Llamas-Velasco et al and Fueki reported the other 2 cases as Fueki et al describing a mechanism of calcium deposition involving the interplay between osteonectin and matrix Gla protein [@bib0006],[@bib0015]. Our case involves a patient with biopsy-proven primary Sjogren\'s syndrome and a description of her imaging findings, including MR imaging of calcinosis cutis. Calcinosis cutis universalis is a descriptive term used to describe extensive plaque or sheet-like calcification that can be seen on radiographs in patients with various connective tissue diseases; however, the degree and extent of calcification that must be present to invoke this term remains ill defined. Juvenile dermatomyositis is known to be associated with extensive superficial soft tissue calcifications that resemble an exoskeleton and one could suggest that the term "universalis" would aptly apply [@bib0003]. Calcinosis cutis circumscripta is a localized form of calcinosis cutis universalis that often affects the hands and feet [@bib0007],[@bib0010].

The deposition of macroscopic calcium deposits in close proximity with the skin poses an inherent risk of skin ulceration and infection. The etiology of this process is uncertain but is likely due to combination of focally increased pressure from a noncompliant, abnormally ridged mineralized structure within the subcutaneous fat and a foreign-body type reaction [@bib0016],[@bib0017]. Increased vascularity derived from an inflammatory foreign body type reaction could explain the increased enhancement we observed after the administration of intravenous gadolinium contrast on the MR scan. Ultimately, these calcific deposits can erode through the dermis resulting in the exudation of chalky deposits through patient\'s skin, increasing the risk for infection [@bib0006],[@bib0018].

"While no pharmacological treatment has been generally accepted as standard therapy, although various treatments have been reported to be beneficial, including warfarin, bisphosphonates, minocycline, ceftriaxone, aluminum hydroxide, probenecid, intralesional corticosteroids, intravenous immunoglobulin, carbon dioxide laser, and extracorporeal shock wave lithotripsy [@bib0019]." In addition, calcium channel blockers such as diltiazem have been tried with varying effects. It is thought that calcium antagonists have an "immunomodulatory or dysregulatory effect on lymphocytes and can suppress superoxide generation and phagocytic action of neutrophils. Moreover mast cell degranulation and platelet aggregation may also be impaired [@bib0020]." Tajalli and Qureshi found that a topical solution of 20% sodium thiosulfate in a petrolatum base 3 times per day was effective in healing a calcinosis cutis of a fingertip ulcer in a patient with limited scleroderma (CREST syndrome) [@bib0021]. Song et al reported that intravenous sodium thiosulfate had no effect on 3 patients with extensive connective tissue disease associated dystrophic calcinosis cutis [@bib0022]. Given the variable results of pharmacologic therapy, surgical excision has been described as the treatment of choice [@bib0023],[@bib0024].

While typically not a diagnostic dilemma on conventional radiographs, our case illustrates how calcinosis cutis can have an unusual appearance on MR that many radiologists may be unfamiliar with. In the era of increased access to MR imaging and the widespread trend of radiologists interpreting imaging studies from areas remote to their locale, radiologists may not have the luxury of having all or even the correct sequence of imaging modalities at their disposal. For this reason, it is important for the radiologists to be able to use the imaging evidence at their disposal to formulate a concise differential diagnosis and confirm, if necessary, their differential with additional imaging modalities. In this case, conventional radiography was used in a retrograde manner to cinch the findings suspected on the MR imaging. MR was useful to confirm the extent of disease, whether a soft tissue component was present, and whether the underlying fascia had been violated, all of which proved useful for presurgical planning. In the future, presumably with the widespread use of ACR Select as a clinical decision support tool for advanced imaging, the process of ordering imaging studies will be less cumbersome for the clinician and more streamlined for the patient [@bib0025].
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